Over the past few years there has been increasing awareness of the' association of congenital choanal atresia~(CCA) with other congenital defects, including brain abnonnalitieS. We obtained CT scans of the brain in twenty-three consecutive patients with CCA (10 boys and 13 girls) to detennine the prevalence and the scope of associated brain abnonnalities. CCA was associated with knOWIl syndromes or different congenital abnormalities in 7 and 10 patients, respectively, and was an isolated finding in 6 patients. Six patients (26 %) had brain abnonnalities including alobar holoprosencephaly, absent corpus callosum, benign enlargement of the subarachnoid space of infancy, cerebral calcification, small right hemisphere, small ventricles and microcephaly. None of the brain abnonnalities were suspected clinicallB rain abnormalities were more common in boys compared to girls (40 % vs 15.40/0, p = 0.18), in bilateral compared to unilateral CCA (31.3 % vs 14 %, p = 0.38), and in membranous compared to bony CCA (75 % vs 15.7 %, p = 0.02).
Introduction
Congenital choanal atresia (CCA) is an uncommon congenital malfonnation with an incidence of 1 in 5000 and 1 in 8000 births for the bilateral and unilateral types, respectively (3, 4, 7, 9, 14) . 1t is more common in females and anomalies may have a greater influence on the survival and the subsequent childhood development than CCA itself. Several brain abnonnalities including microcephaly (1, 2), hydrocephalus (10), meningocele (3, 5) , cerebral agenesis (2) and meningoencephalocele (1) have been reported in association with CCA. Further, other brain abnonnalities have been reported in CCA that is a part of the CHARGE association (8) . However, the full scope and the prevalence of the brain abnormalities in CCA have not been studied comprehensively.
For the last 5 years, it has been our practice to routinely screen all patients with CCA for brain abnormalities by obtaining a CT scan of the brain. The results of this screening are reported herein.
Patients and methods
All patients who were diagnosed to have CCA during their admission to the neonatal care units of King Faisal Specialist Hospital and Research Centre, Riyadh, Saudi Arabia, between lune 1988 and lune 1993, were included in this study.
There were 13 females and 10 males. All were Saudi. The age of the patients, at the time when the CT scan was performed, ranged from 1 week to 4 months (Tables 1 and   2 ). The average matemal age was 26 years, ranging from 19-36 years. Significant prematurity was not a factor, and no delivery took pIace prior to 36 weeks gestation. Family history of CCA was present in two patients (Patient 3 and Patient 23). Prenatal history faiied to implicate suspicious teratogens. Standard karyotyping 9 patients with multiple defonnities were normal in 8 (patients 6, 8, 9, 12, 16, 18, 20, 22) , whereas one patient had a translocation of the long arm of chromosome 22 to the short arm of the X chromosome (Patient 21).
All patients had a brain CT scan, four had MRI scan of the brain as welle A CT scan was considered to represent "brain abnonnality" even when the abnormality was not strictIy in the brain itself. Thus, a significant abnonnality in the subarachnoid space was counted as brain abnormality. However, minor abnormalities of the size of the ventricle or the subarachnoid space were considered variants of nonnal. 
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Results
The eharaeteristies of the 23 patients with CCA with or without brain abnormalities on CT sean are summarized in Tables 1 and 2 , respeetively. Examples of the abnormalities are depieted in Figures 1-4 . Figure 5 depiets one of the five eases assoeiated with moderately prominent ventrieles and subaraehnoid spaee that were eonsidered as normal variants rather than brain abnormalities. Six out of the 23 patients (26 %) had brain abnormalities ineluding a ease of benign enlargement of the subaraehnoidal spaee of infaney. None of these abnormalities were suspeeted elinieally:
Three out of 4 (75 %) patients with membranous CCA eompared to 3 out of 19 (15. 
Discussion
Since 1755, when congenital choanal atresia (CCA) was first described by Roederer, there has been a wealth of papers dealing with various aspects of the disease. However, only little attention has been paid to associated brain abnormalities (1, 3, 4, 7, 9, 14, 15) . Our study suggests that brain abnormalities may be a rather common finding in CCA (26 %). The prevalence of brain abnormalities in CCA can be calculated to be zero (3, 5, 9, 10, 11, 15), 1 in 50 (4), 1 in 35 (10), 2 in 36 (1) and 4 in 65. (2) . The apparent discrepancy between our findings and previous studies may be related to the failure of the latter to obtain routinely a CT scan of the brain in the absence of clinically suspected abnormalities. However, because our hospital is a tertiary care centre, a selection bias in our study cannot be excluded. The high association rate between brain abnormalities and CCA may be related to the possibility that the CCA may be due to the abnormal development of the neural crest (7, 11) .
CCA is a major finding of the CHARGE association that includes coloboma of the eye, congenital heart disease, postnatal growth and mental retardation andlor central .nervous system malformation, hypoplastic genitalia, ear abnormalities andlor deafness (8) . Lin et al (8) found that 47 % of patients with the CHARGE association have CNS malformation by either a CT scan of the head or a post mortem examination. Further, the presence of the CNS malformation was associated most strongly with CCA (8) . Two of our patients fulfilled the criteria for the CHARGE association (Patients 12 and 16); both had normal CT scan studies (one had a rather prominent ventricle and subarachnoid space that was considered a normal variant). However, a patient with a partial CHARGE association (Patient 1) had an absent corpus callosumo Two patients with Crouzon disease had a picture of enlarged subaraclmoid space and ventricles that was considered a normal variant. Patients with Crouzon disease may have a small skull base with a consequent decreased venous outflow through the jugular foramina that may explain these findings. One patient (Patient 3) had osteopetrosis and bulging of the eyes associated with cerebral calcification. Another patient had frontal nasal dysplasia !Vithout associated brain abnormalities on the CT SCaIl. Thus, in 7 out of 23 of our patients, CCA was part of a recognized syndrome/disease. In addition, in 10 patients, CCA was associated with different congenital malformations, suggesting that CCA may be the result of different etiologies.
Our observations show that brain abnormalities in CCA are more common in boys than girls (p > 0.05), bilateral more often than unilateral (p > 0.05), and membranous more often than bony (p =0.02). However, Hengerer (7) found that anomalies in general occur more frequently in bilateral than unilateral CCA. He also found that the severity of the anomalies is greater in bilateral CCA.
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Finally, our study adds the following to the list of brain abnormalities associated with CCA (1,2, 3, 5, 8, 10): cerebral calcification, small right hemisphere and benign enlargement of the subarachnoid space in infancy.
